Quantum state preparation plays an equally important role with quantum operations and measurements in quantum information processing. The previous methods of preparing initial state for bulk quantum computation all have inevitable disadvantages, such as, requiring multiple experiments, causing loss of signals, or requiring molecules with restrictive structure. In this work, three kinds of quantum circuits are introduced to prepare the pseudo-pure states of (n − 1) qubits in the Hilbert space of n coupled spins which merely need the assist of one ancilla spin and two experiments independent of n. Being without gradient fields effectively avoids the reduction of the signals. Our methods have no special requirements on the structure of the used molecules. To test these methods more comprehensively, we experimentally demonstrate the preparation of the labeled pseudo-pure states using heteronuclear 2-qubit and homonuclear 4-qubit nuclear magnetic resonance quantum information processor.
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Introduction. -Quantum computer, based on quantum mechanics, provides the extraordinary potential to solve certain problems in faster way which are usually intractable on classical physical computer [1] [2] [3] [4] [5] [6] [7] [8] , which plays an important role in quantum simulations when dealing with the special problems, such as, dirac equation and quantum relativistic effects [9, 10] , quantum bakers map [11] , chemical reactions [12] , and molecular energies [13, 14] , as well as in quantum algorithm including the algorithm for finding eigenvalues and eigenvectors [15] and the algorithm for linear systems of equations [16] . The effective solution of these problems further leads to numerous ways to realize quantum computers, such as, trapped ions [17] , quantum dots [18] , cavity QED [19] , silicon-based nuclear spins [20] , superconducting Josephson junctions [21] and nuclear magnetic resonance (NMR) systems [22, 23] . As a bulk quantum computer, spins in NMR are undoubtedly well-established quantum computer processor and have readily available techniques compared with the other physical implementations. Further, techniques developed from NMR are as well available in other quantum systems [24, 25] .
In bulk quantum computation, successful preparation of initial pure state, usually starting from a trivial high-mixed state which can not be the input state for quantum computing, is crucial for subsequent unitary operations and measurements of expectation values of some observables. However, the concept of pseudo-pure state (PPS) is commonly used instead of true pure state [22] . A PPS has similar behaviors to a pure state when evolving under the Hamiltonians of NMR, which is supported by the fact that the identity matrix is not observable in NMR spectroscopy and does not transform under any unitary operations. There have been a lot of methods for preparing pseudo pure states over the past decade [26] [27] [28] [29] [30] . These approaches may be divided into spatial averaging [27] , tempo- 
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ral averaging [28] , logical labeling [29] , and cat-state method [30] . However, they always suffers from a number of practical disadvantages.
In this Letter, combining the properties and advantages of the temporal averaging [28] and logical labeling approaches [29] , we subtly propose three kinds of methods for preparing a PPS, all of which require two experiments for a system with any number of dimensions and are applicable for both homo-nuclear and hetero-nuclear molecules. These methods can be used to prepare labeled pseudo-pure states based on two turns, which are called LPPS-TTm (m = 1, 2, 3) for short in the following. LPPS-TT1 and LPPS-TT2 methods, without using gradient fields, can be used to prepare the PPS (|0 0| ⊗n − |1 1| ⊗n ) and (|0 0| − |1 1|) ⊗ |0 0| ⊗(n−1) , respectively. These methods do not result in reduction of the signals and will be an inspiring option when high signalnoise ratio is needed in large system. LPPS-TT3 using one gradient field as well realizes the preparation of the PPS (|0 0| − |1 1|) ⊗ |0 0| ⊗(n−1) , of which the quantum circuit is simpler than that of LPPS-TT2. [31, 32] , such as liquid NMR systems based on macroscopic ensembles of quantum spins, the preparation of the desired input state for quantum computing is always from a thermal equilibrium state ρ eq = e −H/k B T /Z, with the Boltzmann constant k B , the partition function normalization factor Z and the thermodynamic temperature T . Under a strong magnetic field B 0 , the internal Hamiltonian H of n-spin system can be approximately written as ( = 1) [34] ,
where
z /2 are the spin operators, ω i = γ i B 0 and ν i are respectively the Larmour frequency and the chemical shift of the ith spin with gyromagnetic ratio γ i . J ij is the strength of the corresponding scalar spin-spin coupling interaction. Considering that |J ij | << ω i at room temperature, density matrix of the thermal equilibrium state can be approximated to
where I is the 2 × 2 identity matrix. The thermal equilibrium state is a highly mixed state, so it is impossible to perfectly align the spins at room temperature, which means we do not have the ability of preparing a true pure state in room temperature liquid NMR. Fortunately, we can introduce so-called pseudo pure state or effective pure state to avoid this problem [22] , the density matrix of which is
The reason that this new concept is convincing is that the big part (1 − )I ⊗n /2 n remains unchanged and that it does not contribute to NMR spectra under any unitary operations. Hence we only focus on the deviation density matrix ∆ρ = |0 0| ⊗n as the effective input state of quantum computing in liquid NMR. In the following, we present how to prepare such a PPS from a thermal equilibrium state via the new methods LPPS-TTm in detail.
In general, we consider a system with n 1/2-spins. The first spin of them is used as the ancilla qubit. The deviation density matrix of thermal equilibrium under the high temperature approximation can be described by ρ * n = n i γ i I i z . The methods LPPS-TTm for bulk quantum computation mainly include two steps.
Step one, for LPPS-TTm (m = 1, 2), the thermal equilibrium state ρ * n is directly used as the input state ρ m n without additional operations. For LPPS-TT3 method, only the magnetization γ 1 I 1 z of the ancilla spin is remained as the input state ρ 3 n which can be realized by applying a gradient field after a π/2 rotation on the work spins.
Step two, we attempt to reconstruct the unitary operation U LPPS-TT1. The corresponding transformation U 1 n is sparse zero-one matrix to redistribute the population, whose matrix can be found in Ref. [33] . For instance, for a 2-spin system, the thermal equilibrium state ρ
to the density matrix ρ
Combining with ρ 1 2 will create the desired PPSρ
. In general, The method LPPS-TT1 steadily provides the experimentalist with a high-quality PPS (
via the simple two-step operations for any molecules. Additionally, This method actually produces two available LPPS, a PPS |0 0| ⊗n−1 in the subspace labeled by the state |0 of the ancilla qubit, and a state |1 1| ⊗n−1 labeled by the state |1 . As shown in Fig. 1 , we present a quantum circuit for realizing the transforming U 1 n in quantum computing networks by decomposing U 1 n into n single-qubit rotations X = σ x , 2(n−1) controlled not gates, and a n-qubit Toffoli gate. These gates can be further realized by single-qubit rotations and Jcoupling evolutions in NMR techniques. It is undoubtedly worth noting that the increasing factor n i γ i of the signal is obtained at the cost of an ancilla qubit and more quantum gate operations.
LPPS-TT2(TT3).
In some cases, it is more reasonable to prepare the following PPS experimentally, upto a factor, (|0 0| − |1 1|) ⊗ |0 0| ⊗(n−1) , where the |0 and |1 states of the ancilla spin both label the state |0 0| ⊗(n−1) . The reason lies in the fact that the signal of LPPS after a single-spin selective π/2 pulse on the ancilla spin is more identifiable in a NMR spectrum, and this labeling relationship can be actually exploited as a double-check for quantum computing. We provide two approaches LPPS-TT2 and LPPS-TT3 to realize this purpose.
Considering a 2-spin system as an example, U 
The general matrices of the reconstructed U 2 n and U 3 n can be found in Ref. [33] . Fig. 1(b) and Fig. 1(c) show available quantum circuits for realizing U 2 n and U 3 n , respectively. It is found that quantum circuit of U 3 n is more complicated than that of U 2 n when the same purpose is achieved. However, it appears that LPPS-TT3 gives more power into quantum computing in preparing the PPS, and gradient field in LPPS-TT3 can effectively destroy the undesired magnetization in x-y plane.
Experiments. -Experimentally, we consider a heteronuclear 2-spin and a homonuclear 4-spin samples in liquid NMR, in order to illustrate the basic ideas of the new methods LPPS-TTm independent of the structure of the molecules. We focus on the traceless matrices, the deviation density matrices, in the whole experiments.
Hetero-nuclear 2-spin case. The physical system to demonstrate the above processings was 13 C-labeled chloroform [35] . Nuclear spins of 13 C and 1 H encode the ancillary qubit and the work qubit, respectively. The corresponding parameters of the measured Hamiltonian H 2 can be found in Ref. [33] , such as, the chemical shifts ν i and the J-coupling constants J ij .
First, the natural thermal state γ 1 I Applying a π/2 pulse on the spin 1 H followed by a gradient field creates the input state ρ 
where [θ] k α means a θ rotation around α direction on the spin k, and [1/2J] represents the free evolution e −iπI 1 z I 2 z . In principle, the controlled-not gates U a,b in Fig. 1 , where qubit a and b respectively mean the control and target qubit, should be decomposed into the sum of the local rotations and the Jcoupling evolution,
We optimized the whole pulse sequence to obtain simplified pulses illustrated in equation (4) . The reason why it is feasible is based on the fact that some operations do not have any influence on some traceless elements of density matrix theoretically, such as operations
x acting on the element I x I. Besides, the simplified sequence usually is more robust again the imprecision of the operations than the virgin sequences.
Experimental spectra of the demonstration of the methods LPPS-TTm were obtained, and Fig. 3 [36, 37] . The real part of the reconstructed density matrices are illustrated in Fig. 2 , which definitely affirms that the logical labeled PPS (|00 00| − |11 11|) and (|00 00| − |10 10|) are successfully prepared via the proposed LPPS-TTm methods. It is worth emphasizing that we merely reconstruct the thermal state once as the results of ρ Homo-nuclear 4-spin case. In order to demonstrate our proposal being independent of the structure of the used molecules, we consider a homo-nuclear 4-spin system to demonstrate the methods LPPS-TTm, which is 13 C-labeled trans-crotonic acid dissolved in d6-acetone [38] . The structure of the molecule is shown in Ref. [33] . C 1 to C 4 correspondingly denote the four qubits Q 1 to Q 4 . We decoupled the methyl group M, H 1 and H 2 throughout all experiments.
Similar to Hetero-nuclear 2-spin case, the natural thermal state , which was also realized by a single-selective π/2 pulse on the spins C2 to C4 followed by a gradient field. Instead of using the decomposed pulse sequence, we realize the desired operations U m 4 via GRadient Ascent Pulse Engineering (GRAPE) techniques which provides a 50ms shaped-pulse width and over 99.5% fidelity [39, 40] , because too many pulses usually lead two turns of execution, irrespective the number of qubits, and have no restrictions on the molecular structure of the samples, which have greatly simplify the initialization procedure for bulk quantum computing with large number of qubits. The method LPPS-TT1 has a stronger signal, because the factor i γ i are created compared with the method LPPS-TT2(TT3) where only γ 1 has a contribution for the signal. However, LPPS-TT2(TT3) has the benefit of providing a simple spectrum structure which is convenient for some quantum algorithms such as the Grover algorithm. Experimentally, we consider a heteronuclear 2-spin and a homonuclear 4-spin as examples to demonstrate the processing of preparing logical PPS via our methods. The results surely show that the desired PPS is successfully prepared with the high quality. The scheme is a general scheme and is not restricted to bulk quantum computation such as a liquid NMR. They may also be applied to other quantum computer platforms to eliminate the effects of noises by increasing the signal-noise ratio. can be described as,
where the empty entries are all filled with zeroes. For a 4-spin system, the matrices of U m 4 are, 
Experimental samples -In experiments, we have employed the sample of 13 C-labeled chloroform dissolved in d6-acetone as hetero-nuclear 2-spin case. Analogously, 13 C-labeled trans-crotonic acid dissolved in d6-acetone is used as a homo-nuclear 4-spin case, as indicated in the main text. In figure 6 we give a pictorial representation of the molecule structure together with the values of some relevant parameters, such as, the chemical shifts ν i and the J-coupling constants J ij . 
Here, X = exp(−iσ x π/4), Y = exp(−iσ y π/4) and I is a 2 × 2 identity operation. For instance, an observable pulse IXY I means the operation I ⊗ exp(−iσ 
